Report from the Information Needs Working Group

Compiled by John McManus
Working Group Members. Christy Loomis, Jeff Miller, Toby Gardner, Juan Diaz, DennisHubbard, John
McManus, Steven Miller, Rich Aronson, Barry Devine, Hector Ruiz, CarlosBacheco, Bill Precht

INTRODUCTION

Thegoa of thisworking group wasto make recommendations on how information needscan bemetin
support of recovery effortsand effective management of the corals Acropora pal mata and Acropora
cervicornis. Theserecommendationsfocusonthe need toidentify and quantify critical habitat, to quantify
thecurrent and historical extentsof these species, toidentify changesthat have occurred over timein
biologica and geological timeframes, and to determinethe stability of their populationsand thefactorsthat
influencethisstability. Specific questionsare addressed withinfour topical areas: A) remote sensing, aerial
photography and geographicinformation systems(GI1S); B) historical/geol ogical questionsand studies; C)
strategiesto enhancerecovery; and D) research and monitoring needs.

1. Remote Sensing, Aerial Photography, and Geogr aphic I nfor mation Systems(GI S).

A. What types of information can we get on critical habitat, historical distribution and extent of
Acroporid populations, and on the nature of their declines?

We are concerned with critical habitat in several senses. First, wemust identify and map the habitatsthat
currently includeliving Acropora, and thosethat havedone sointherecent past. Itislikely that thesewill
includemost of the areathat can potentially be colonized by Acropora. Further, in case oneor more
speciesof Caribbean Acroporaareto beincluded ontheU.S. Endangered Species Act, the capacity must
exist for peopleto identify key areasof current Acropora growth, and to identify associated habitatson land
and seq, that providecritical ecological links (adjacent forested watersheds, salt ponds, mangrove and sea
grasscommunities, etc.), whose protection would be essentia in conserving those key coral reefs.

Inall cases, weneed to gather together existing mapsof current and historical Acroporadistributions, as
well asmapswith abroad range of information fromwhich potential Acropora habitats can beinferred,
including mapsof bathymetry, water quality, physica oceanography, and substratetype. Theseshould be
madeavailablewithinaGIlS systemin order to facilitate quantitativeinferencesand overlay andysisaswell
asto provide accessto theinformation to awide audience. Local expertsshould be consulted, and data
added from the presentations of theworkshop participantsand other sourcestofacilitatetheinference
process. Wherefeasible, layers should beincorporated into the GI S representing Acropora distributions as
reported over time.

Inlight of thetemporal andlogistical constraintsimposed, to assist with the processof identifying existing
Acropora habitats, researcherswill need to use existing aeria photography in conjunctionwith existing and
new ground truth data. Theavailability of aerial photographsisvery patchy throughout theregion. Thereare
someareasinwhich coral reefshave been mapped with multi- and hyperspectral datafromair borne
sensors, particularly in U.S. waters. 1nsomeareas of the Caribbean, very little mapping of coral reefs
exists. For such areas, satellite mapping may be helpful. However, thiswould best be undertaken by
groupsthat are already engaged in broad areareef mapping work, asexperienceat that scaleiscrucia in
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accurate datainterpretation. Inall cases, canvassing of local experts can be used to minimizetheneed for
detailed ground-truthing and to provide supplemental information.

Resolution: Thereis a need to compile existing maps, historical and current aerial photographs,
bathymetric information, airborne sensor data, and other types of information showing existing
and potential Acropora habitats and associated terrestrial and marine habitats essential to the
conservation of Acroporids. These data should be incorporated into a Gl S database to delineate
critical habitat and design appropriate conservation strategies to protect these areas. While a
good deal of recent information is available from U.S. locations, thereis a need for ground
truthing of maps and improved resolution of maps as well as a need for expanded mapping efforts
in non-U.S. locations.

B. What are the compar ative advantages and limitations of the sensor-based mapping tools
currently available?

Themajor optionsfor sensor-based reef mapping currently are satellite data, aerial photographs, airborne
multi- and hyperspectral data, and acoustic datafromwatercraft. Additionally, airbornelaser systemssuch
asLIDAR can be used to provide high-resol ution bathymetric informati on which, when used with other
alrbornesensor data, can provide extremdy useful information onthedistribution of ecological communities
associated with coral reefs. TheLIDAR and hyperspectra optionsareexpensiveintermsof initial
investment. However, they areultimately cost effectiveintermsof thewiderange of purposesto which the
datacan be put to support effective reef management and conservation. We note, however, that none of the
optionscanthusfar reliably distinguish among speciesof cord inany but exceptional circumstances. The
usesand limitations of each approach arelisted below:

o Sadlite
8 Poor resolution
8 Requiresheavy ground-truthing
8 InU.S watersand sporadicaly elsewhere
8§ Grossareadetermination
0 Aeid photos
8 Higherresolution
| ntermediate ground-truthing
Require geometric correction
Require expensive processing and specific expertise
Most commonly used
8 Finer scdethansatellites
0 Multi- and Hyperspectra Airborne
8 Needssignificant ground-truthing
8 Primarily usedinUSwaters
o Lidar
8 Providesprimarily depthinformation.
§ Bestusadinconjunctionwith other airbornedata.
0 AcousticMapping
§ Canestablishcoral presence/absence
§ Sillindevelopment

§
§
§
§

55



Resolution: While sensor-based reef mapping technologies can provide high resolution
information on the distribution of ecological communities, current technology does not provide a
reliable tool to distinguish among species of corals or condition (live, dead or diseased or
bleached colonies). Thus, the use of sensor-based mapping tools must be combined with
underwater visual, video, and photographic monitoring and assessment.

2. Historical/Geological Questionsand Studies
A. How have populations of these corals changed over the last 10,000 years?

Ecological observations suggest Acropor a populationsfluctuate on small scalesof time and space.

L ocation-specific coresand outcrops have revea ed no evidence of population declinessimilar to that
currently underway in at least thelast 2500 years (late Holocene), at least inthose sites. However, in parts
of Floridaand the USV I it appearsthat there have been gapsintherecord. For instance, limited coring off
Buck Idand USV I suggeststhat the reef community wasdominated by Acropora palmata over thelast
7000 years, but it disappearsfrom thereef system 3000 ybp and then reestablishes after nearly a 1000 year
hiatus. Therearesuggestionsthat thisispart of aregiona pattern that isnot explained by sealevel changes
or local oceanographic conditions. Theoccurrence of thisevent arguesfor aregional cause, suchasa
widespread outbreak of disease, yet thiscannot be confirmed at thistime.

Previousinterruptionsin growth werefollowed by recovery. However, thisdoesnot imply that we can
necessarily expect recovery from the current population decline, because anthropogenic stressesare
currently exacerbating the problem.

Resolution: Thereisaneed for larger, regional scale coring programs to compile a long-term
record and compar e thisto present day changes.

B. How well can we identify the causative agents for declines in the populations of Acropora?

Plausible scenariosfor some past, localized interruptionsin Acropora growth can beinferred from
considerationsof local changesin sealevel and antecedent topography. In other cases, the cause cannot
beeasly identified from those considerations. Further research on present day Acropora popul ationsmight
potentially provideabasisfor determining causesof past declinesin their populationsfrom evidence
preserved in the geochemistry or inthe composition and nature of thefossil assemblage. Itisimperativeto
improve our understanding of the nature of the recent declinesin Acropora popul ationsthroughout the
Caribbean (white-band disease, predation by mobilefauna, hyper and hypo-thermic stress, land based
sourcesof pollution, and othersincluding interactionsof natural and human induced stresses). In particular,
we need to have abetter understanding of the causes, mechanisms, and epizootiology of cora disease.

Resolution: We need to improve our understanding of the nature of recent regional declinesin
Acropora populations, and whether evidence for causes of past declines are preserved in the
geochemistry of Acropora fossilsto determine whether the observed declineis part of a natural
cyclical process for which natural recovery islikely, or whether anthropogenic stressors have
exacer bated these processes and may inhibit recovery.
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C. What is the extent of existing geological information on Acropora and what should be
recommended for further research?

Current geologicd information relevant to Acroporaismostly location-specific. A completegeological
picture of past occurrenceswould require core and outcrop sampling of Hol ocene depositsthroughout its
range at multiple spatial scales; these samples should be dated at ahigh resol ution.

3. Strategiesto Enhance Recovery

A. What are the practical issuesinvolved in the restoration of Acropora populations, including the
potential usefulness of propagation and transplantation?

Thegoalsof mitigation or restoration must be established (e.g., how much should Acroporid cover be
increased?) prior to any action. Eliminating or reducing the known anthropogenic causes of declines
(including sedimentation, pollution, eutrophication, global warming, over fishing, shipgroundings, etc.) isa
prerequisitetorestoration. Similarly, agreater understanding of causesand consequencesof coral disease
(white-band, white pox, and other emerging disease) isessential.

Resolution: Reef restoration at any scale will have, at best, very limited success unless the causes
of decline are understood and action is taken to reduce these threats.

Transplantation and propagation could enhance popul ationsor limit further declinesin smal scales(e.g., ship
grounding scars) dueto theimportance of fragmentation asameansof reproduction in Acropora Species.
However, itisimportant to avoid reducing natura genetic variability and atering the degree of loca
adaptation in subpopulations. Thus, we need information on the genetic structure of Acropora
subpopulationsand mapsof previousdistributions. Thisinformation should be used in selecting coloniesfor
trangplantation and in devel oping propagation programs. Thereisahigh cost associated with applying these
methodsat large scales. These costs should beweighed against potentia benefits, probability of long-term
success, and other management options. Because of the complexity of reef ecology, therewill dwaysbea
highleve of uncertainty involved inany such management interventions. Any restoration optionsnecessitate
an adaptive management approach, with the understanding that eachinterventionisto betreated asan
experiment and theintervention adjusted over timein responseto periodic eval uations of the successor
falure

Resolution: Transplantation and propagation of Acropora coloniesis a viable tool to enhance
recovery at local scales, but considerations such as appropriate selection of colonies and
fragments, the potential effects on genetic structure of populations, and the potential benefits
must be weighed against the probability of natural recovery, other management interventions,
and likelihood of long-term success.
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B. What isthe potential usefulness of enhancing sexual reproduction and recruitment in Acropora?

Improving sexual reproduction and therecruitment of sexually produced planulaewould require agreater
understanding of the biology of Acropora species, with emphasisonthefactorsinvolvedin determining the
natural balance between asexua and sexual reproduction, and the cuesinvolved in the settlement of
planulae. Morework isneeded on demographic modeling to predict response of populationsto future
disturbances and stresses, and this should encompass arange of spatial and temporal scales.

Resolution: Effortsto enhance sexual recruitment may provide a useful tool to promote recovery
of populations, but additional research is needed to understand different aspects of sexual
reproduction, including basic information on reproductive biology, role of water circulation in
transport of larvae, and larval settlement requirements.

C. What other strategies should be considered to enhance the recovery of Acropora populations?

Thereareinitia effortsto redistribute and propagate Diadema seaurchins so asto enhance herbivory in
areaswhere Acropor a settlement may be hampered by high densitiesof macroalgae. Aswithany such
interventions, these efforts should include studies of the genetic variability and subpopul ation structure of the
seaurchin, and the operations should be designed to preserve thisvariability and structure. A variety of
other potentia strategiesare under investigation. Progress onthese could be greatly enhanced by agreater
understanding of relevant ecological processes(ie. snail predation, damsdfishinteractions, fireworms).

Resolution: Novel ecological restoration efforts, such as strategies to enhance herbivory, reduce
predation pressure, eliminate pest species, and mitigate diseases may have benefits on a local
scale, but it is critical that these efforts be undertaken using a science-based approach that
incorporates efforts to understand ecological processes and potential impacts of human
modification of these processes.

4. Resear ch and monitoring needs

A. What are the needs with respect to the monitoring of Acropora populations, standing colonies,
fragments and new recruits?

Assessment, mitigation and restoration activities, including creation of the demographic model sdiscussed
above, require monitoring of percent cover of Acropora speciesaswell ascountsper unit areaof the
different life stages(colonies, fragments, living cora crusts, and new recruits). Individua coloniesat
different life tages should be monitored in comparative studies acrossarange of environmental conditions
including anthropogenic stresses. Monitoring should be carried out at multiple spatial scalesover thenext
several decadesat timeinterval sappropriate to the processesbeing investigated, and sampling design
should bebased on datistical power analysis. Monitoring should include assessments of abiotic parameters
including potentia pollutantsand other factorsthat may enhancethedecline of Acropora populations.

Resolution: Greater efforts are needed to monitor and assess Acropora populations at local to
regional scales, at time intervals appropriate to the process under investigation, including studies
to follow individual colonies at various life stages exposed to different environmental conditions
and anthropogenic stressors.
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